The 63 Cu NQR spectra of five three-coordinated complexes of Cu(I) containing an isocyanide ligand are reported. The resonance frequencies are compared with those of other three-coordinated Cu(I) complexes using a partial coupling constant model to describe the effects of the various ligands and to take into account the effects of variations in the molecular geometries. The partial coupling constant of the isocyanide ligand is much higher than that of any other ligand studied so far and leads to the order of donor atom partial field gradients for terminal ligands C>N>Cl>P = S = Br>I>0.
Introduction
Whereas we have extensively reported the 63 Cu NQR spectra of complexes of Cu(I) with ligands having nitrogen, sulphur, phosphorus, chlorine, bromine and iodine as the donor atom [1] [2] [3] [4] , we have only been able to observe resonances from one class of complexes with a ligand, the siloxyl group, having oxygen as donor [5] , and until now have been unsuccessful in observing resonances from ligands with a carbon atom as donor. We may mention in this context our failure with the two-coordinated anionic complexes [ To our knowledge the only report of resonances from an organocopper complex concerns three aryl copper complexes with two-or three-coordinated copper atoms [6] .
We now report resonances from the following complexes containing an isocyanide group as one of the ligands:
R-N=C-Cu
Cu-C=N-R \ / N-N I. R = cyclohexyl; II. R = t-butyl; III. R = 2, 6 dimethylphenyl; IV. R = 4-chlorophenyl; V. R = phenyl.
Experimental

Preparations
Pyrazole, 3,5-dimethylpyrazole, cyclohexyl isocyanide, t-butyl isocyanide, 2,6-diphenyl isocyanide and benzyl isocyanide were commercially available (Aldrich). Phenyl isocyanide and 4-chlorophenyl isocyanide were prepared by literature methods [7, 8] . The complexes were prepared according to the literature method [9] . All preparations were carried out under strictly anhydrous and anaerobic conditions under an atmosphere of nitrogen.
NQR
NQR spectra were measured on a Decca super-regenerative spectrometer, frequencies being compared to harmonics from an internal crystal-controlled oscillator. Temperatures were measured with a Hewlett-Packard 2802 digital thermometer and varied between 77 K and room temperature with an Artronix 5301-E temperature controller.
Results and Discussion
NQR
The 63 Cu NQR spectra and, when possible, their temperature dependence were observed in the range 77-300 K, and the results fitted to the quadratic equation
The results are reported in Table 1 . In all cases the corresponding 65 Cu NQR resonances were detected at a frequency of0.925 times that of the corresponding 63 Cu resonance. Since the spins of both copper isotopes are 3/2, the unique resonance frequency is a function of both the coupling constant and the asymmetry parameter rf.
It is only possible to separate e 2 Qq and r\ by Zeeman measurements on large (= 1 ml) single crystals. The reactivity of these systems discouraged us from attempting the fabrication of such large crystals so that the asymmetry parameters are unknown but, even for an asymmetry parameter as high as 0.5, the error in equating the coupling constant to twice the resonance frequency is only 4%.
In accord with its reported crystal structure [9] there is only one resonance for I, whose frequency has the usu-44.5i
• • al negative temperature dependence and which is observable over the entire range of 77-300 K. II shows three closely-spaced resonances in the range 77 -180 K but above this temperature only one resonance is present, indicative of a phase-change (Figure 1 ). For III there is again a phase-change, at 285 K, but only one resonance is present in both phases, while no resonance could be 41.5 
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and A = pyrazole.
observed below 168 K. IV showed only a single resonance of low intensity at 293 K, and no signal could be detected below this temperature. Finally, V shows two resonances from 293 to 314 K, the upper limit of our study of its temperature-dependence, but no signal could be observed in the range 77-293 K.
The resonance frequencies at 77 K for these complexes fall in a rather large range, 44 MHz for II and 40 MHz for III. The frequencies may be compared with those of the £i's(2,6-lutidine)cuprous halides; 38.35, 37.61, and 35.30 for X=C1, Br and I, respectively, while a second crystalline form of the iodide has a resonance frequency of 36.96 MHz, [10] . They thus appear to conform to the general trend that for a given type of complex the more electronegative or the harder the donor atom, the higher the resonance frequency, e.g. Cl>Br>I and N>P.
We have previously established [3] , that the 63 Cu resonance frequencies of the three-coordinated complexes A 2 CuB are influenced by the A-Cu-A bond angle, 26. This behavior could be rationalized on the basis of a partial field-gradient model, and it was shown that both the sense and magnitude of the effect depends on the difference between the partial field-gradients, q a and q h , of A and B respectively, according to the equation
The bond-angles in the lutidine complexes are quite large, ranging from 139.7° for the chloride to 149,6° for the higher frequency modification of the iodide, whereas in I the bond-angle is 113°. Appropriate values of the partial coupling constants, eQq a and eQq b , for the lutidine and chlorine ligands in these neutral three-coordinated complexes are 25 MHz and 23 MHz, respectively. Our studies of two-coordinated lutidine, imidazole and pyrazole cations, [1, 4] , shows that, despite the shorter Cu bond-length in the imidazole and pyrazole complexes compared to the lutidine complexes, the partial coupling constants of all three ligands are very similar. Figure 2 shows the predictions of (1) ligand studied so far and leads to the order of donor atom partial field gradients for terminal ligands C>N>Cl>P=S = Br>I>0.
Conclusion
